In this study, three types of concrete specimens of different proportions were prepared and mixed at water-to-binder ratios ͑w/b͒ of 0.28, 0.32, and 0.40. The specimens were normal-weight concrete ͑NWC͒, lightweight sand concrete ͑LWSC͒, and lightweight aggregate concrete ͑LWAC͒. The specimens then underwent standard curing and autoclaving for 3, 7, 28, and 56 days. Comparisons were made among the specimens in terms of compressive strength and elastic modulus. Experimental results show that after standard curing, the compressive strength of NWC, LWSC, and LWAC at w/bϭ0.28 were 62.7 MPa ͑100 %͒, 54.7 MPa ͑87 %͒, and 39.4 MPa ͑63 %͒, respectively, indicating that greater particle density aggregates led to better compressive strength. After 56 days of autoclaving, NWC showed the highest compressive strength, followed by LWSC and LWAC. The compressive strength and elastic modulus at Day 28 and Day 56 of autoclaving were close to those at Day 91 and Day 120 of standard curing, respectively; this trend was observed in both NWC and LWSC. The moduli of elasticity for NWC, LWSC, and LWAC at different curing ages were 20. 35-33.20, 17.98-24.02, and 10.58-12.95 GPa, respectively, which decreased with increasing lightweight aggregate content in the concrete.
Introduction
Lightweight aggregate concrete ͑LWAC͒ is good for heat isolation, fire protection, and seismic resistance especially for high rise buildings. This study is focused on its property such as autoclave curing condition to achieve early demolition in precast factory and is cost effective ͓1-3͔.
High-performance LWAC shows superior properties including low thermal conductivity, high compressive strength, low shrinkage, and good workability ͓1,2͔. The main curing approaches that LWAC undergoes after mixing include wet curing, burlap curing, membrane curing, high-temperature curing, steam curing, and autoclave curing ͓3͔. Autoclave curing is often employed in processing mixed concrete to accelerate the hydration reaction in cement and to enhance the strength development of concrete. This can help shorten the curing age required, thus saving money and reducing the preparation time. During autoclave curing of concrete, the C 3 S and C 2 S in the cement will undergo a hydration reaction, which can be expressed as follows ͓4͔:
Such a reaction changes the strength of the cement and the types of hydrates produced. Under an increasing rate of cement hydration, the ␣-C 2 SH subsequently formed will increase the density of hydrates formed. The microparticles thus produced will result in more internal pores and microcracks in the hydrates. Cement hydration contributes to a high concrete strength through the formation of a C-S-H gel with high density and good bonding strength to the density the internal structure, and not by reducing internal pores and microcracks ͓4͔. The reaction of autoclaving concrete that contains silica can be expressed as follows: wangho@cc.kuas.edu.tw
C 5 S 6 H 5 is a crystal of high strength, which can not only fill pores between aggregates but also enhance the strength of concrete. Adding an appropriate amount of pozzolanic material can be an excellent source of silica ͓5,6͔. Hence, replacing a portion of the cement with pozzolanic materials when autoclaving concrete can ensure a good supply of silica for the hydration reaction. Autoclaved specimens that only contain Type I Portland cement were found to have very low compressive strength. To enhance the compressive strength, silicon compounds are required that can change the hydration reaction under autoclaving conditions. As mentioned above, adding pozzolanic materials can serve the purpose of providing the silica needed to achieve higher compressive strengths ͓7͔. Autoclaving can increase the rate of hydration reaction but an optimum period of curing exists for each temperature, which leads to maximum compressive strength. It was found that prolonged autoclaving above 180°C produces low-strength crystalline calcium silicate hydrates, which undermine strength development ͓8͔. Compared with standard curing, both steam curing and high-pressure steam curing can improve the compressive strength of all specimens in the range of 25-63 and 9-61 %, respectively. Replacing up to 40 % of cement with pulverized fly ash changed the mixture composition and positively affected the compressive strength of specimens under autoclave curing ͓9͔. It has been reported that to achieve satisfactory strength, the autoclaving temperature should be higher than 175°C, and the time for autoclaving under constant temperature need not exceed 4 h ͓10͔. In addition, the normal concrete usually adds 10-25 % fly ash for autoclave curing to maintain the desired compressive strength under normal curing for 28 days ͓11͔.
Experimental Design

Materials
Dredged silt from reservoirs in southern Taiwan was collected, dried, sieved, and made into raw aggregate pellets, which were then sintered into two types of lightweight aggregates ͑LWAs͒ with particle densities of 800 and 1060 kg/ m 3 . The other materials for concrete mixing included normal-weight aggregates, cement, fly ash, slag, superplasticizer, and water. They were obtained locally from Taiwan and all met the specified requirements listed in CNS61 ͓11͔, CNS3036 ͓12͔, CNS12549 ͓13͔, ASTM C494 TYPE-D ͓14͔, CNS13961 ͓15͔, and CNS1240 ͓16͔, respectively. Table 1 shows the chemical composition and physical properties of cement, fly ash, and slag, while Table 2 displays the physical properties of the aggregates used. Table 3 lists the nine mixture proportions for mixing LWC according to the densified mixture design algorithm ͑DMDA͒. Details of the DMDA can be found in Hwang ͓4͔ and Chang ͓17͔. Concrete was mixed according to the DMDA to obtain high workability, high strength, and excellent durability. During mixing, the mixing water is adjusted according to the moisture condition of LWA.
Mixture Proportion
Experimental Variables
According to the mixture proportions listed in Table 3 , high-performance LWC were mixed at three different water-to-binder ratios ͑w / b = 0.28, 0.32, and 0.4͒ using LWA made from dredged silt and lightweight sand, shown in Fig. 1 , with particle densities of 800 kg/ m 3 and 1060 kg/ cm 3 , respectively. A total of 270 specimens were prepared, with duplicates prepared for each test.
Three different types of concrete specimens were prepared. They were ͑1͒ normal-weight concrete ͑NWC͒-concrete prepared using normal-weight aggregates, ͑2͒ light weight aggregate concrete ͑LWSC͒-concrete prepared using normal-weight aggregates and lightweight sand, and ͑3͒ LWACconcrete prepared using lightweight aggregates only. Comparisons were made among the different types in terms of compressive strength and modulus of elasticity and between standard curing for 3, 7, 28, and 56 days and again to autoclave test.
